(Submitted for publication June 7, 1956 ; accepted August 7, 1956) The metabolism of testosterone administered to human subjects was studied soon after the isolation and synthesis of the testicular steroid hormone. In 1939, Dorfman, Cook, and Hamilton (1) and Callow (2) almost simultaneously reported the isolation of androsterone and etiocholanolone in the urine of men receiving testosterone propionate. During the 1940's, Lieberman, Dobriner and their co-workers (3-5) published extensive studies on steroids in human urine related to the metabolism of testosterone. West and his colleagues (6, 7) not only studied the urinary metabolites following the intravenous administration of testosterone (in human serum albumin), but in addition reported studies on the clearance from blood of testosterone and its metabolites (17-ketosteroids) . All of the investigations cited were performed following the administration of very large, and hence unphysiological, doses of testosterone.
It was not until methods were developed for the synthesis of labelled testosterone that it became possible to study the metabolism of the hormone administered in physiological doses. Gallagher, Fukushima, Dobriner and their associates were the first to report observations on the metabolism of C14 and deuterium labelled testosterone (8) (9) (10) (11) . The amounts of testosterone administered by these investigators approximated, in most cases, the quantity of hormone calculated to be excreted by the testes. Fukushima, Dobriner, Gallagher, and Bradlow (10, 11) reported that the preponderant part of the administered labelled testosterone ap peared in the urine with small amounts in the feces. The authors did not report on the radioactivity in blood.
The biliary excretion of steroids in human subjects has not been studied extensively. Such studies are of importance in the elucidation of testosterone metabolism in man, since it has been demonstrated that following the administration of non-labelled or Q'-testosterone to animals (dogs, rats, mice) most of the androgenic material or radioactivity appears in the bile or feces (12) (13) (14) . In guinea pigs, however, most of the radioactivity following the administration of Q4-testosterone has been found in the urine (15) . A study of biliary excretion of steroids in human subjects following the oral administration of unlabelled testosterone propionate was reported by Rubin, Dorfman, and Miller (16) . No increase in biliary excretion of either 17-ketosteroids or androgens was found. On the other hand, following the administration of estradiol dipropionate they found definite evidence for biliary excretion of its metabolites.
The present paper presents the results of studies on the metabolism of 4-C4-testosterone in 20 adult human subjects of both sexes. The group includes five patients with bile-fistulas, three patients with carcinoma of the prostate, four patients 'with cancer of the breast, one patient with malignant melanoma, and seven normal subjects. In addition to the urinary and fecal excretion of radioactivity following the administration of 4-C14-testosterone, data are presented on biliary excretion in five patients with bile-fistulas and on the clearance from plasma of free and conjugated radioactive metabolites of 4-C4-testosterone in 17 subjects. In following reports characterization of the metabolites in plasma, bile and urine will be presented.
MATERALS AND METHODS
4-C4-testosterone (specific activity, 5 iC per mgmn), synthesized according to the method of Fujimoto (17) No stool collections were secured from subjects P. M., F. P., and C. E. Bile-fistula patients J. S. and H. M. had negligible radioactivity in the stools. appearance of acholic stools during the period of investigation. The patients had normal liver functions preoperatively and the C14-testosterone was injected at least 3 days postoperatively.
The bile and urine samples were processed in essentially the same manner as the plasma samples except for the following. The free radioactive steroids were extracted with ether instead of chloroform; following the incubation with fi-glucuronidase the steroids were extracted continuously for 48 hours with ether.
The feces were collected for at least 5 days following the administration of the radioactive testosterone and were mixed with large volumes of ethanol in a Waring blendor and centrifuged. The extraction was performed three times. The alcohol was evaporated and the samples handled similarly to the urine samples.
Radioactivity was measured in a windowless gas flowcounter. A correction for self-absorption was made using suitable calibration curves for inorganic (urine) and organic residues.
The calculation of the total counts in the urine was based on a self-absorption correction curve obtained by the addition of the radioactive steroid to varying amounts of non-radioactive urine. The standard error of these counts did not exceed 5 per cent. The unextracted counts represent the difference between the total counts in the urine and the extractable counts. In those specimens in which the unextractable counts constituted a significant part of the radioactivity (for example, the 4 and 8-hr. specimens of subject J. L. in Figure 2 ; the 4, 8 and 12-hr. specimens in subject F. K.; the 4-hr. specimen in sub- 
RESULTS
In Table I are shown some of the clinical data on the subjects given I.V. 4-C14-testosterone.
In Figure 1 is graphed the percentage of the injected radioactivity excreted in the urine, feces, and bile. The amount excreted in the urine in 48 hours ranged (exclusive of the bile-fistula patients) from 71 to 117 per cent (average 89 per cent). The total radioactivity excreted in the urine of normal subjects did not differ significantly from that of patients with cancer.
In Figures 2 and 3 are shown the percentages of the injected 04-testosterone excreted in the urine during certain time periods following the injection of the steroid. In addition, the amounts of steroid metabolites extractable following various hydrolytic procedures are shown. It is apparent that a preponderant part of the injected testosterone is excreted in conjugated form, primarily as the glucuronide. Except in a few urine samples where, for some reason as yet unknown, large amounts of free metabolites were present, sulfate-conjugated metabolites of testosterone constituted an unimportant part of the radioactivity excreted. A significant part of the radioactivity could not be extracted-from the urine even after strong acid hydrolysis.
It is apparent from Figures 2 and 3 that most of the radioactivity following CG4-testosterone administration was excreted in the first 4 hours. An exception was noted in C. E., a patient with carcinoma of the breast, with impaired renal and liver functions, and receiving large amounts of testosterone propionate intramuscularly, who excreted the major part of administered radioactive steroid during the second 12-hour period after administration.
The clearance of free radioactive steroids (Figure 4 and Table II ) from the plasma of normal subjects and of patients with cancer was rapid. The disappearance curves can be interpreted as indicating two possible rates. The first rate is related to a pool with a half-time of approximately 11 minutes, and the second, slower rate, is related to a pool with a half-time of approximately 100 minutes.
In Figure 5 and with the unconjugated steroids. Activity declined slowly thereafter. Since the major identifiable conjugates in the urine are the glucuronides, it is interesting to note that patient C. E., with impaired renal function and receiving testosterone, maintained very high levels of radioactivity in the free steroid and glucuronide fractions during the time of study.
The counts in the sulfate conjugated steroid fraction were about 1/20 of the levels of the glucuronides and essentially parallel to them. Normal subject J. L. had strikingly higher sulfate levels than the rest of the group at 2 and 4 hours.
We have no satisfactory explanation for this observation.
The radioactivity extractable from plasma following strong acid and heat hydrolysis was negligible. Similarly, negligible activity was found when the red blood cells were extracted with absolute alcohol following lysis of the cells with water.
Patients with carcinoma of the breast cleared the free steroid radioactivity from the plasma at a somewhat slower rate than the remainder of the group. Since the number of cases studied was rather small, the possible significance of this finding must await confirmation of the observation in a larger group of similar patients.
The amount of radioactivity excreted in the bile is shown in Figure 6 . Four of the patients with T-tube drainage excreted 11 to 14 per cent of the radioactivity of the injected (14-testosterone in the bile, with most of the excretion occurring in the first 4 hours. Patient B. H. excreted 56 per cent of the injected radioactivity in the bile, mostly in the first 4 hours. In Figure 3 it can be seen that this patient (B. H.) excreted much less of the radioactivity in the urine during the first 12 I hours than any other subject in the whole group. It should be pointed out that although this patient had normal liver function tests preoperatively she developed a gram-negative bacterial septicemia with an ascending cholangitis postoperatively. Even though the C14-testosterone study was performed when the patient seemingly had made a recovery from the infection, it is possible that the infection may have influenced the amount of radioactivity excreted in her bile. The excretion of free steroids in the bile was negligible, with most of the extractable steroids being glucuronides or sulfates. The bulk of the radioactivity could not be extracted following the hydrolytic procedures used. The amount not extractable from bile was even greater than that from the urine.
The radioactivity excreted in the stools ( Figure  7 ) of non-fistula subjects varied from 2 to 15 per cent (average: approximately 6 per cent). Counts in the free steroid fraction comprised the largest amount. In the patients with T-tube drainage the fecal radioactivity excreted ranged from less than 0.1 per cent to 2 per cent. GE. Radioactive testosterone was cleared from the plasma rapidly when compared to the clearance of 4-C14-cortisol (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) . Within 15 minutes following the injection of the 4-C14-testosterone the radioactivity in the glucuronide fraction reached its peak and was about threefold the level in the "free" steroid fraction. This contrasts with the metabolism of C14-cortisol where the counts in the glucuronide fraction achieve their peak and equal the level in the free steroid fraction in about 120 minutes (19) . The glucuronide fraction radioactivity following Q4'-testosterone reached its peak early and declined slowly thereafter. Since the excretion of radioactive metabolites in the urine during the first 4-hour period was at least 50 per cent of the administered dose, it indicates that testosterone had been taken up by tissues and its glucuronide-conjugated metabolites released slowly over that period. Even though the differences in the methods used make absolute comparison difficult, the clearances of C14-testosterone from plasma and of radioactivity of the conjugates in our studies give distributional findings similar to those of West, Tyler, Brown, and Samuels (7) following the administration of large doses of non-radioactive testosterone.
The free steroids disappeared from the plasma with at least two different rates, an initial fast rate and a subsequent much slower rate. This may indicate that at least two different metabolic pools exist or that the initial rate is that of 4-C14-testosterone clearance from the plasma and the subsequent slower rate that of a "free" steroid metabo- The urinary excretion of metabolites following 4-C14-testosterone injection, even though it varied somewhat from subject to subject with respect to the amounts of radioactivity released by the various hydrolytic procedures, showed an essentially con- The urinary excretion of radioactivity during the first 4 to 8 hours following C14-testosterone injection was almost double that following C14-cortisol administration and may be related to the faster metabolism of the former steroid (18) (19) (20) .
The amount of radioactivity excreted in the bile averaged 12 per cent of the injected dose, exclusive of patient B. H. who excreted 56 per cent. This patient had recently had ascending cholangitis and it is possible that her substantial biliary excretion was related to that. The findings in the present study regarding the biliary route of excretion of C14-testosterone and its metabolites differ from those observed in animals. As contrasted to human subjects, animals (rats, mice, dogs) excrete most of the administered testosterone in the bile and very little in the urine (12) (13) (14) . These differences make comparisons regarding metabolism of testosterone among various species unreliable. Even though Burstein, Ungar, Gut, and Dorfman (15) have reported that most of the radioactivity following administration of C14-testosterone to guinea pigs appeared in the urine, the possibility of substantial biliary excretion of radioactivity with subsequent intestinal reabsorption cannot be excluded.
It has been shown that 1 to 5 per cent of radioactivity following intravenous CG4-cortisol administration is excreted in the bile of human subjects (19, 20) . On the other hand, at least 30 to 60 per cent of radioactivity following CG4-progesterone (21) , C14-estrone or C14-estradiol administration is excreted in the bile of man (22) . The fecal excretion of radioactivity in patients without T-tube drainage averaged about 6 per cent. It is apparent that some reabsorption of testosterone metabolites must occur in the gastrointestinal tract. The small amounts (1 per cent) of radioactivity present in the stools of patients with T-tubes may be due either to excretion of radioactivity in gastrointestinal juices or to the escape of small amounts of bile. The fecal excretion of radioactivity in our series is comparable to the results of Fukushima, Bradlow, Dobriner, and Gallagher ( 11 ) .
Essentially, no unconjugated steroids were present in the bile and the percentage extractable after the various hydrolytic procedures fell far short of the percentages in the urine. On the other hand, the unconjugated (free) steroids constituted a major part of the steroids in the stools. Since it has been demonstrated that human stools contain ,B-glucuronidase and phenolsulfatase activities (20, 23) , it is possible that some of the steroid conjugates originating from the bile are cleaved by the fecal enzymes.
SUM MARY 4-C14-testosterone has been administered intravenously to 20 human subjects. The radioactivity was excreted almost quantitatively in the urine in 48 hours with over 50 per cent in the first 4 hours. About 50 per cent of the radioactivity could be extracted from urine following different hydrolytic procedures. C14-testosterone was cleared from the plasma rapidly with at least 2 separate rates. These 2 pools had half-lives of 11 and 100 minutes. The conjugated metabolites of C14-testosterone reached their peak in the plasma within 15 minutes following the injection of the steroid. From 12 to 14 per cent of the injected radioactivity was excreted in the bile of subjects with T-tube drainage and only 6 per cent in the stools of patients having no T-tube, which probably indicates reabsorption of steroids from the gastrointestinal tract. The metabolites in bile were in conjugated form, whereas a great part of the radioactivity in the stools was in the free form.
